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V© (54) Title: MONO DIAMETER WELLBORE CASING 

en 

^ (57) Abstract: An apparatus and system is disclosed for radially expanding and plastically deforming an expandable tubular mem- 
^ bcr. The system may comprise an anchoring mechanism adapted to mate with an end of the expandable tubular member, a tubular 
2 member releasibly coupled to the anchoring mechanism, an adjustable expansion mandrel coupled to the tubular member adapted 
® to be controllably expanded to a larger outside dimension for radial expansion of the expandable tubular member or collapsed to a 
Q smaller outside dimension an actuator coupled to the adjustable expansion mandrel adapted to controllably longimdinally displace 
^ the adjustable expansion mandrel relatWe to the expandable tubular member; and a gripping device coupled to the locking adapted 
to contrullably engage the expandable tubular member. 
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MONO DIAMETER WELLBOSE CASING 
Cross Reference To Related Applicattons 

[001] The present application claims the benefit of the filing dates of (1) U.S. provisional patent 
application serial no. 60/380,147, attorney docket no 25791.104, filed on 5/06/2002, fee disclosure of 
which is incorporated herein by reference. 

[002] The present application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent appUcation serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patait application serial no. 
09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent appUcation serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application serial no. 
09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 
09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) US. patent ai^lication serial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial 
no. PCT/USOO/18635, attorney docket no. 2579125.02, filed on 7/9/2000, (11) U.S. provisional 
patent application serial no. 60/162,671, attorney docket no. 2579127, filed on 11/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 2579134, filed on 
10/12/1999, (14) U.S. provisional patent s^lication serial no. 60/159,039, attorney docket no. 
25791.36, filed on 10/12/1999, (15) U.S. provisional patent a^splication serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/2 12,359, attorney docket no. 2579138, filed on 6/19/2000, (17) U.S. provisional patent applicaticm 
serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. provisional patent 
application serial no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 
provisional patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, 
(20) U.S. provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney docket no. 
25791.48, filed on 10/2/2000, (22) U.S. provisional patent ^plication serial no. 60/270,007, attorney 
docket no. 25791.50, filed on 2^0/2001, (23) U.S. provisional patent application serial no. 
60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (U) U.S, provisional patent plication 
serial no. 60/259,486, attorney docket no. 25791 32, filed on 1/3/2001, (25) U.S. provisional patent 
application serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. 
provisional patent ^plication serial no. 60/313,453, attorney docket no. 25791.59, filed on 8/20/2001, 
(27) U.S. provisional patent application serial no. 60/317,985, attorney docket no. 25791.67, filed on 
9/6/2001, (28) U.S. provisional patoit application serial no. 60/3318,386, attorney docket no. 
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25791.67.02, filed on 9A0/2001, (29) U.S. utility patent application serial no. 09/969.922, attorney 
docket no. 25791.69, filed on 10/372001, (30) utility patent aK>lication serial no. 10/016,467, 
attorney docket no. 25791.70, filed on 12/10/2001; (31) U.S. provisional patent application serial no. 
60/343,674, attorney docket no. 25791.68, filed on 12/27/2001; (32) U.S. provisional patent 
application serial no. 60/346,309, attorney docket no 2579152, filed on 1/7/2002; (33) U.S. 
provisional patent ^Hcation serial no. 60/372,048, attomey docket no. 25791.93, filed on 4/12/2002; 
and (34) U.S. provisional patent application serial no. 60/372,632, attomey docket no. 25791.101, 
filed on 4/15/2002, tibe disclosures of which are incorporated herein by reference. 

Background of the Invention 
[003] This invention relates generally to oil and gas e^qploration, and in particular to forming and 
repairing wellbore casings to facilitate oil and gas exploration and productioiL 
[004] Conventionally, when a wellbore is created, a number of casings are installed in the borehole 
to prevent collide of the borehole wall and to prevent undesired outflow of drilling fluid into flie 
formation or inflow of fluid fiiom the fi)rmation into the borAole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a lower borehole interval is lowered throng a previously 
installed casing of an ixppe^ borehole interval. As a consequence of this procedure flie casing of the 
lower interval is of smaller diameter than tibe casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement aimuli are 
provided between the outer surfaces of ^ casings and the borehole wall to seal the casings &om the 
bordbole waU. As a consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Sudi a large borehole diameter involves iiK:reased costs 
due to heavy casing handling equipment, large drill bits and increased volumes of drilling fluid and 
drill cuttings* Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole diameters drilled in Ifae 
course of the well, and the large volume of cuttings drilled and removed 

[005] The present invention is directed to overcoming one or more of the limitations of the existing 
processes for forming and repairing wellbore casings. 

Summary of the Invention 
[006] According to one aspect of the present invention, an s^aratus and method for forming a 
mono diameter wellbore casing is provided. 

Brief Description of the Drawings 
[007] Figs, la-lf are cmcqitual iUustrations of one aspect of die present invention. 
[008] Figs. 2a-2f are fi:agmentary mss-sectional illustrations of the placement of an exen^lary 
enlbodiment of an apparatus for fiHming a mono diameter wellbore casing within a wellbore that 
traverses a subterranean formation. 
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[009] Figs. 3a-3f are fragmentary cross-sectional illustrations of the sq^paxatus of Figs. 2a-2f afl^ 
placement on the bottom of the wellbore. 

[0010] Figs. 4a-4f are fragmentary cross-sectional illustrations of the ^paratus of Figs, 3a-3f after 
placing a ball or dart within the bail or dart seat to initiate the radial eaqpansion and plastic 
deformation of the e3q>andable tubular member. 

[0011] Figs. 5a-5f are fragmentary cross-sectional ilhistrations of the ^paratus of Figs. 4a-4f after 
the initiation of the radial expansion and plastic deformation of the aluminum sleeve within the shoe. 
[0012] Fig. 6a-6f are fragmentary cross sectional illustrations of be apparatus of Figs. 5a-5f after the 
completion of flie radial e;q>ansion and plastic defosmation of the aluminum sleeve within tiie shoe. 
[0013] Hgs. 7a-7f are fragmentary cross-sectional illusttations of the aqpparatus of Figs. 6a-6f after 
displacing the sliding sleeve valve within the shoe to permit circnlation around die ball or dart 
[0014] Figs. 8a-8f are fragmentary cross-sectional illustrations of an alternative embodiment of a 
bottom anchoring apparatus. 

[0015] Figs. 9a-9g are fragmentary cross sectional illustrations of certain aspects of the operation of 
the apparatus of Figs. 8a-8f. 

Detailed Description of the Illustrative Embodiments 
[0016] Referring initially to Fig. la, an embodiment of an apparatus and method for radially 
e3q>andiiig a tubular member will now be described. As illustrated in Fig. la, a wellbore 100 is 
positioned in a subterranean formation 105. k an exemplary embodiment, the wellbore 100 may 
include a casing 110. The wellbore 100 may be positioned in any orientation from vertical to 
horizontal. Hius, in this ^plication the direction '\xp^\ "hipper*' or "iq^ward" refers to ttie direction 
towards die surfrice termination of the wellbore and the direction ""down", 'lower" or '^downward" 
refers to flie direction towards the bottom or end of the wellbore. 

[0017] In order to extend the wellbore 100 into the subterranean formation 105, a drill string (not 
shown) is used in a well known marmer to drill out material from the subterranean formation 105 to 
form the wellbore 100. The inside diameter of the wellbore 100 is greater than or equal to the outside 
diameter of the casing 110. 

[0018] In an exemplary embodiment; a tubular ^aratus 120 having an opening 122 may then be 
positioned within the wellbore 100 with an upper end 124a of tfie apparatus 120 initially coupled to a 
well string 125. Hie apparatus 120 is adqited to allow fluidic materials to enter flie upper end 124a of 
file tool and exit ttirough ftie opening 122 positioned at die lower end 124b of the tool, hereby 
creating a passage (not shown) or fluid flow path 126. Hie apparatus 120 may include, amoi^ odier 
conqxinoits, a casing lock 130, a gripping device 132, a tension actuator 134, a sealing medianism 
136, an expansion cone 140, a cementing probe 144, and a casing anchor 148. 
[0019] The apparatus 120 as illustrated in Fig. la is in a '^running*' or positioning configuration. In 
other words, the tool is running or traveling down the wellbore. In several exenqplary embod iments , 
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in die running configuration, 4ie lower end 124b of Hie sq3paratu5 120 extends past the casing 110 into 
flie weUbore. The casing lock 130 may be used to support or couple the apparatus 120 to the casing 
110 which may keep the casing 110 positioned above the lower e»d 124b of the tool when the 
apparatus 120 is in the running configuration. Alternatively, the expansion cone 140 may be used to 
support the casing 110 during the running or positioning of the apparatus 120. 
[0020] In one embodiment, the gripping device 132 may be positioned close to the ixppex end 124a of 
the apparatus 120. In the illustrative embodiment, the gripping device 132 is positioned above the 
casing lock 130. As will be explained in detail below, die gripping device 132 may be used to keqi 
die casing 1 10 stationaiy during the operation of the ^paratus 120. A force multq>Uer or tension 
actuator 134 may be positioned below the casing lock 130. Ihe tension actuator 134 may be used to 
**puir' the expansion cone 140 and the lower end 124b of the apparatus 120 inside the casing 110. In 
the illustrative embodiment, an alternative sealing mechanism 136 may be positioned below the 
tension actuator 134. 

[0021] As illustrated in Fig. la, an apparatus for radially expanding a tubular member, such as an 
expansion cone 140 may then be positioned outside of the casing 110. A tubular member, such as a 
cementing probe 144, may be positioned below the expansion cone 140. A casing anchor 148, such 
as a packer or drillable shoe, may be positioned at the lower end 124b of the apparatus 120. 
[0022] Turning now to Fig. lb, there is iOustrated tibe s^aratus 120 positioned at the bottom of the 
wellboie 100. As will be ei^lained in detail below, when the sqppatatus 120 contacts with the bottom 
of die weUbore 100, an expansion mechanism ISO, coiq>led to the casing anchor 148, e3q)ands radially 
outward such bat the casing 110 cannot move past the expansion mechanisnL In one embodiment, 
the expansion cone 140 may also expand upon inq>act wifli the bottom of flie well The expansion 
cone may expand to a diameter that is greater than the interior diameter of die casing 110. 
[0023] In an exemplary embodim^ as illustrated in Fig. Ic, an actuating event may occur to cause 
die grilling device 132 to grip die casing 1 10. Such an actuating event may be placing a phig, such 
as a ball or dart into the apparatus 120 to block die flow path 126 and prevent fluids from exiting 
diFougli opening 122. Injecting a fluidic material into the apparatus when the flow path 126 is 
blocked causes an inciease in pressure widiin the tool. Tlie increase pressure may actuate gripping 
elements of the gripping device 132 thereby locking the top end of the q)paratus 120 to the 
expandable tubular member. In some alternative embodiments, the continued injection of die fluidic 
material furtfaetmore increases the operating pressure within die tool v^ch causes the expansion cone 
to cKpBOki. The increase operating pressure may also cause the tension actuator 134 to puU the 
expansion cone 140 into the expandable tubular member. As a result, the casing or expandable casing 
1 10 is radially expanded as die expansion cone 140 travels iq> die casing 110. 
[0024] Turning now to Fig. Id, the continued upward movement of the expansion cone 140 pulls the 
casing anchor 148 into the end of the radiaUy expanded casing 110. As a result, the end of the 
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radially e3q)anded casing 110 will inq>act the expansion mechanism ISO, thereby preventing tiie 
casing anchor 148 from moving further in die upward directioiL In some embodiments, the continued 
upward force on the casing anchor 14S may cause the casing anchor to radially expand within the 
casing to firmly couple the end of the tubular member to the casing anchor 148. In alternative 
embodiments, tiiis anchoring may also hydraulically seal the anchor 14S to the casing 1 10. 
[0025] The continued upward force on the i^paratus 120 may cause the cementing probe 144 to 
separate from the casing anchor 148, as illustrated in Fig. le. At the top of the stroke, the casing lock 
130 (not shown) may be released. After separation, die apparatus 120 is free to continue to advance up 
causing the casing 110 to expand as necessaiy. If ahydraulic seal is created between the anchor 148 
and the casing 110, the region betwem the anchor and the sealing mechanism 136 may be 
pressurized. This pressurized region forces die expansion cone upwardly, diereby causing a radial 
ejq^ansion and plastic deformation of the expandable casing 110. In this manner, in die alternative 
embodiment, the fluid pressure below die sealing mechanism 136 pulls the expansion cone 140 
upwardly throu^ the expandable casing 110. Thus, die use of die tension actuator 134 to puQ the 
expansion cone upwards is no longer necessary. 

[0026] At some point (e.g., at die top of die liner), it may become desirable to stop expanding and to 
inject a hardenable fluidic sealing material such as, for exan^le, cement into the well annulus. To 
begin die cementing operation, die apparatus 120 may be lowered into die wellbore 100 until the 
cementing probe 144 coi^les to die casing anchor 148 as illustrated in Fig. If. Ihis coupling opens a 
bypass flowpadi 1 54 to pennit fluidic materials to bypass around die blocks in flow path 126. As a 
result, the bypass flow padi 154 allows for cement or other fhddic materials to flow around the 
blodcage of flowpadi 126. 

[0027] Thus, the cement flows ttaou^ the interior of die apparatus 120, dirough die bypass flow 
padi 154, and out through a one-way valve (not shown) into the annulus betwewi die radially 
expanded tubular member and die wellbore. After the cement has been injected into the annulus, the 
one way valve may prevent the cement from flowing backwards into the apparatus 120. 
[0028] After completing die injection of ifae cement into die annulus, die drilling pipe may dien 
pulled upwanlly out of die wellbore. The radial expansion and plastic deformation of die expandable 
tubular member may dien be continued by the resumed iiy ection of fluidic material into the apparatus. 
After the cement has cured, the andior 148 may be drilled out and another e}q)andable tubular 
meniber may then be radially expsoded and plastically defoimed widiin die weUbore widi the upper 
end of the other tubular member overlapping with the lower end of the earlier expanded tubular 
member. In diis manner, a mono diameter wellbore casing may be formed diat includes a plurality of 
radially expanded tubular members. 

[0029] Turning now to Figs. 2a-2f. diae is illustrated an exenq)lary embodiment of an apparatus 200, 
which illustrates certain aspects of die apparatus 120 discussed above. At the upper end of the 
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apparatus 200, there is the gnpping device 132. hi several exemplary exnbodiments, the gripping 
device 132 may be any device capable of engaging the inside surface of the tubular member or casing 
1 10 in a conventional maimer and/or using one or more of the methods and ^paratus disclosed in one 
or more of tiie following: (1) PCT application no. serial no. PCT/US02/36267, attorney docket no. 
25791.88, filed on 11/12/2002, (2) U.S. provisional patent application serial no. 60/338,996, attorney 
docket no. 25791.87, filed on 11/12/2001, (3) US. provisional patent plication serial no. 
60/363.829, attorney docket no. 25791.95, filed on 3/13/2002, and (4) U.S. provisional patwit 
application serial no. 60/339,013, attorney number attorney docket no. 2579L88, filed on 11/12/2001, 
the disclosures of whidi are incorporated herein by refwence. hi the embodiment as illustrated in 
Figs. 2a-2f^ the gripping device 132 conq^rises a tubular central mandrel 202 which defines a central 
passage 203. The central mandrel 202 has an Mppa end 204a adapted to tfareadably couple to and 
receive within an ^d of the well string 125 in a conventional manner. A tubular retaining sleeve 206 
sHdingly engages the central mandrel 202, sudi that the retaining sleeve 206 may move longihidinally 
relative to the central mandrel 202 between an external annular upper flange 205a and an external 
aimular lower flange 205b projecting from the central mandrel 202. A pair of concentric annular 
recesses in the \xpper flange 205a form an annular guide flange 209 ^^/hich fits within the retaining 
sleeve 206. The retaining sleeve 206 has an internal upper flange 207a and an internal lowtt flange 
207b. Ibe upper flange 207a, the guide flange 209, the external surface of the central mandrel 202 
and the internal sur&ce of the retaining sleeve 206 defines an annular iqiper spring chamber 208a. 
Similarly, 4ie lower flange 205b, the lower flange 207b, the external sur&ce of the central mandrel 
202 and die internal surface of the retaining sleeve 206 defines an annular lower spring chamber 208b. 
Helical springs 210a and 210b may be di^sed within flie upper and lower retaining chainbers 208a 
and 208b, respectively to longitudinally position the retaining sleeve 206 relative to the central 
mandrel 202. 

[0030] A phirality of t^jered recesses, for exanyle recesses 212a-212d are defined in the external 
surface of the central mandrel 202. Corresponding to each recess 212a-212d, there is a tapered 
circular opening, for instance circular openings 214a-2l4d, through the wall of the retaining sleeve 
206. The tapered recesses 212a*212d, the interior sur&ce of flie retaining sleeve 206, and die circular 
openings 214a-214d define retaining chambers 216a-216d, respectively. Hardened gripping elements, 
such as balls 218a-2l8d or sptag clutoh elements, made bom stainless steel or another hardened 
material, may be positioned with die retaining cfaarnbeis 216a-216d. hi the running configuration 
ilhistrated in Fig3 2a-2e, tiie springs 210a and 210b bias the sleeve 206 such that the balls 218a-218d 
rraiain in the widest portion of the tapered retaining chambers 216a-216d. hi this configuration, the 
balls do not engage the interior surface of the casing or casing 110. 

[0031] An annular pre^ure chamber 222 may be defined between the bottom of the internal flange 
207a of the retaining sleeve 206 and the top of an external annular flange 224. A sealing means, such 
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as an O-iing or sealing caitridge 211 may provide a seal between the intemal flange 207a and the 
exterior surface of the central mandrel 202. Additionally, a sealing means, such as an 0-ring or 
sealing cartridge 213 may provide a seal between &e side of the flange 224 and the exterior of die 
central mandrel 202. A plurality of radial passages, for instance passages 220a and 220b may be 
defined with the central mandrel 202 which provides fluid communication between the central 
passage 203 and the pressure chamb^ 222. Thus, the pressure of the pressure chamber 222 remains 
approximately the same as die pressure within the central passage 203. When the pressure of the 
central passage 203 is large enough to overcome the biasing of the springs 208an and 208b, ttie 
pressure chamber 222 e^qrands by driving the iqjper flange 207 away from die external flange 224. 
Thus, the upper flange 207 acts like a piston pushing the retaining sleeve 206 in an upperwaidly 
direction wifli respect to the central mandrel 202. 

[0032] When the retaining sleeve moves up, the steel balls 218a-218d are forced up into thinner 
regions of the retaining chambers 216a-216d A portion of the steels baUs 218a-218d, dierefore, 
projects mdially through tfie circular openings 214a-214d As the steel balls 218a-218d project 
through the circular openings 214a-214d, they engage the interior surface of the casing 1 10. The balls 
218a-218d grip the interior sur£u:e in proportion to the pressure appUed to the centtal passage 203. 
The balls may create small concave indents diat imparts a benign compressive stress into the casing 
110. 

[0033] A lower end 204b of the central mandrel 202 may be. adapted to tfaieadably couple to other 
components or toob, sudi as the casing lock 130 or the tension actuator 134. In the illustrative 
embodiment, the lower end 204 is coupled to the tension actuator 134. 

[0034] In several exemplary embodiments, the tension actuator 134 m^ be any device capable of 
puUing the expansion cone 140 into the casing 1 10 in a conventional manner and/or using one or more 
of die methods and apparatus disclosed in one or more of the following: (1) PCT application no. serial 
no. PCT/US02/36267, attorney docket no. 25791.88, filed on 11/12/2002, (2) U.S. provisional patent 
application serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/2001, (3) U.S. 
provisional patent q^plication serial no. 60/363,829, attorney docket no. 25791.95, filed on 3/13/2002, 
and (4) U.S. provisional patent application serial no. 60/339,013, attorney number attorney docket no. 
25791.88, filed on 11/12/2001, the disclosures of which are incorporated herein by reference. 
[0035] In die illustrative embodiment, die actuator 134 comprises actuator barrel 250 having a top 
end 252 adapted to dueadably coi:^le to die lower ^d 204b of die gripping device 132. Hie actuator 
barrel 250 defines a longitudinal passa^ 250a having an internal annular flange 250b at die lower end 
of the longitudinal passage 250. The lower end of the actuator banel 250 couples to a coimector 
barrel 254. The connector barrel 254 defines a longitudinal passage 254a having an intemal annular 
flange 254b at die lower esid of die longitudinal passage 254a. The lower end of the connector barrel 
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254 couples to a connector banel 256. The connector barrel 256 defines a longitudinal passage 256a 
having an internal annular flange 256b at the lower end of the longitudinal passage 256a. 
[0036] A piston tube 260 runs flirough the passages 250a, 254a, and 256a of the actuator barrel 250 
and die connector barrels 254 and 256, respectively. The piston tube 260 may define a longitudinal 
passage 261. An external annular flange 262a is defined at the top end of the piston tube 260. The 
outside diameter of ttie annular flange 262a is shghtly smaller than tiie inside diameter of flie 
longitudinal passage 250a such that the annular flange 262a can slide longitudinally within the 
longitudinal passage 250a. A sealing means, such as a sealing cartridge 264a mates a seal between 
tiie annular flange 262a and die interior sur&ce of the longitudinal passage 250. Similarly a sealing 
means, such as a sealing cartridge 266a creates a seal between the exterior sur&ce of the piston tube 
260 and ttie flange 254b. An annular pressure diamber 268a may be defined between the bottom of 
the external flange 262 of the piston tube 260 and the top of the annular flange 250b. Radial tubes 
270a and 270b may connect the pressure chamber 268a to the longitudinal passage 261 of the piston 
tube 260. 

[0037] An external annular flange 262b may be defined on the exterior of the piston tube 260. The 
outside diameter of the annular flange 262b is slightly smaller than the inside diameter of the 
longitudinal passage 254a such that the annular flange 262b can slide longitudinally within the 
longitudinal passage 254a. A sealing means» such as a sealing cartridge 264b creates a seal between 
the annular flange 262b and die interior surface of the longitudinal passage 254a. Similarly a sealing 
means, sudi as a sealing cartric^ 266b creates a seal between the exterior surface of die piston tube 
260 and the flange 254b. An ammlar pressure dianiber 268b may be defined between die bottom of 
the external flange 262b of die piston tube 260 and die top of die anmdar flange 254b. Radial tubes 
270c and 270d may connect the pressure chaniber 268b to die longitudinal passage 261 of the piston 
tube 260. 

[0038] Similarly, an external annular flange 262c may be defined on die exterior of the piston tube 
260. The outside diameter of the annular flange 262c is slightly smaller than the inside diameter of 
die longitudinal passage 256a such that the annular flange 262c can slide longitudinally within die 
longitudinal passage 256a. Optionally, a sealing means, such as a sealing cartridge 264c creates a seal 
between die aninilar flangp 262c and the interior surftce of the longitudinal passage 256a. Similarly a 
sealing means, such as a sealing cartridge 266c creates a seal between die exterior surface of die 
piston tube 260 and die flange 256b. An annular pressure diamber 268c may be defined between die 
bottom of die external flange 262c of die piston tube 260 and die top of die annular flange 256b. 
Radial tubes 270e and 270f may connect die pressure chambo* 268b to die longitudinal passage 261 
of die piston tube 260. 

[0039] A lower end 272 of tfie piston tube may be adapted to be coupled to another con^onent, such 
as the casing lock 130. Optionally, the casing lock 130 may be positioned above the actuator 130. In 
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several exemplaiy embodiments, fhe casing lock 134 may be any device cs^able of coupling the 
apparatus to the casing while the apparatus is being positioned within tlie wellbore in a conventional 
manner and/or using one or more of the methods and ^aratus disclosed in one or more of the 
following: (1) PCT application no. serial no. PCT/US02/36267, attorney docket no. 25791.88, filed on 
11/12/2002, (2) U.S. provisional patent application serial no, 60/338,996, attorney docket no. 

25791.87, filed on 11/12/2001, (3) U.S. provisional patent apphcation serial no. 607363,829, attorney 
docket no. 25791.95, filed on 3/13/2002, and (4) U.S. provisional patent application serial no. 
60/339,013, attorney number attomey docket no. 25791.88, filed on 11/12/2001, the disclosures of 
whidi are incoiporated herein by reference. 

[0040] Fig. 2d illustrates an alternative embodiment where a sealing means 136, such as a packer cup 
assembly may provide a way to create a pressurized zone widiin the casing 1 10. bi several exemplary 
embodiments, die sealing means 136 may be any device cs^able of sealing between differential zones 
of pressure in a conventional manner and/or using one or more of the mediods and apparatus 
disclosed in one or more of the following: (1) PCT application no. serial no. PCT/US02/36267, 
attomey docket no. 25791.88, filed on 11/12/2002, (2) U.S. provisional patent s^lication serial no. 
60/338,996, attorney docket no. 25791.87, filed on 1 1/12/2001, (3) U.S. provisional patent application 
serial no. 60/363,829, attomey docket no. 25791.95, filed on 3/13/2002, and (4) U.S. provisbnal 
patent application serial no. 60/339,013, attomey nmhber attomey docket no. 25791.88, filed on 
1 1/12/2001, the disclosures of vdiich are incorporated herein by reference. 

[0041] For instance, an upper packer cup assembly 280 may be coupled to a mandrel 282 proximate 
the upper end of the mandrel 282. Ihe mandrel 282 may define an langitudmal passage 283. hi an 
exemplary embodhn^t, a packer cup 284 may be a Guiberson™ packer cup. Optionally, a spacer 
sleeve (not shown) may mate witii, receives, and may be coi^led to ^e mandrel 282 proximate an end 
of the upper packor cup assembly 280. A lower packer c\xp assembly 286 may be coi^led to the 
mandrel 282. In an exemplary emt}odiment, a lower packer cup 286 is a Guiberson'"^ packer cup. 
Optionally, a lower spacer sleeve may be coupled to the mandrel 282 to longitudinally position the 
lower packer assembly 286. 

[0042] An expansion cone 140 may be positioned below flie sealing means 136. In several 
eaiemphxy embodiments, the expansion cone 140 may be any device capable of expanding the casing 
or tubing member 110 widiin the wellbore 105 in a conventional manner and/or using one or more of 
the methods and apparatus disclosed in one or more of the following: (1) PCT a^ipUcation no. serial 
no. PCT/US02/36267, attomey docket no. 25791.88, filed on 11/12/2002, (2) U.S. provisional patent 
plication serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/2001, (3) U.S. 
provisional patent plication serial no. 60/363,829, attomey docket no. 25791.95, filed on 3/13/2002, 
and (4) U.S. provisional patent application serial no. 60/339,013, attomey number attomey docket no. 

25791.88, filed on 11/12/2001, the disclosures of which are incorporated herein by reference. 



9 



wo 03/093623 



PCT/US03/14153 



[0043] In an exemplary embodiment, an adjustable expansion cone may be similar to a conventional 
adjustable expansion mandrel in that may be expanded to a larger outside dim^ion or coUapsed to a 
smaller outside dimension and includes extemal surfaces for engaging the casing 110 to thereby 
radially expand and plastically deform the tabular member when the adjustable expansion mandrel is 
expanded to the larger outside dimension. In an alternative embodiment, the expansion cone 140 may 
include a rotary adjustable e;q>ansion device such as, for example, the commercially available rotary 
expansion devices of Weadierfintl International, Inc. In several alternative embodiments, die cross 
sectional profile of the expansion cone 140 for radial expansion operations may, for exan^le, be an n- 
sided shape, vi/hm n may vary bom 2 to infinity, and the side ^bapes may include straigjit line 
segments, arcuate segments, parabolic segments, and/or hypeibolic segpaents. In several alternative 
embodiments, the ooss sectional profile of die adjustable expansion cone 140 may, for example, be 
circular, oval, elliptical, and/or multi&ceted. 

[0044] Altematively, the expansion cone 140 may be comprised of a plurality of drcumferentialy 
spaced apart upper cone segments interleaved among the cam arms of an upper cam spaced around a 
mandrel 291 defining longitudinal passage 293. In an exenq>laiy embodiment, each i^^per cone 
segment includes a first outer sur&ce that defines a hinge groove, a pluiaUty of iimer sur&ces and a 
plurality of outer surfaces. In an exemplary embodiment, th^e may be a combination of arcuate and 
cylindrical segments. The \xppct cone segments may be pivotally coupled to an upper cone retainer 
290. A plurality of circumferaitialy spaced ^art lower cone segments interleaved among the cam 
arms of a lower cam. In an exen^lary embodiment, eadi lower cone segment includes a first outer 
sur&ce that defines a hinge groove, aphirality of inner surfaces and aplorali^ of outer surfoces. In 
an exeaq>lary embodiment dteie may be a combination of arcuate and cj^drical segments. The 
lower cone segments may be pivotally coupled to a lower cone retainer 292. Shear pins or another 
retaining medianism longitudinally position the lower retainer 292 relative to the upper retainer 290 
such that they remain positioned apart during the positioning of die s^paratus within die well. In one 
embodiment, when die apparatus reaches die bottom of die well, the inqiact shears the shear pins and 
drives the lower cone retainer toward the upper cone retainer, causing the cone segments to pivot 
outward in a lateral direction. As die cone segments pivot outward, die diameter of die expansion 
cone 140 increases. A locking medianism thai lodes the cone segments together in an cxpaaded 
configuration. 

[0045] Hie lower cone retainer 292 receives and may be direadably coupled to an aid of a release 
bousing 300 that defines a longitudinal passage 302. A lower end 304 of the release housing 300 
defines a extemal flange 305 adcqpted to mate into a sleeve 306 in the anchoring device 148. In some 
exen^lary embodiments, a tubular cementing probe 308 may be shdingly disposed within the 
longitudinal passage 302. The cementing probe 308 may be a tubular shaped member which defines a 
longitudinal passage 310. A top end of ^e cementing probe 308 has an annular exterior flange or rim 
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312, the diameter of which is slig^itly smaller than the interior diameter of the longitudina] passage 
302. During operation, an interior annular seat 314 defined wittiin the release housing 300 keeps the 
flange 312 of cementing probe within the longitudinal passage 302. A lower end of the conc^e 
probe narrows to form a neck 316 which, as will be explained below, is adapted to mate with a collet 
of the anchoring device 148. During positioning of the apparatus, a probe shear pin 318 longitudinally 
retains the sliding sleeve within the longitudinal passage 302. Once the cement probe 308 has been 
extended during operation, however, a probe locking ring 320 may maintain the probe in an extended 
configuration. 

[0046] In the ilhistrative embodiment; fte anchoring device 148 may be a an expandable float shoe 
340. In some exenqilary embodiments, the float shoe 340 may be made out of aluminum or another 
expandable material which may be relative easy to drill out. The top end of the float shoe defines a 
tubular sleeve 342 defining an annual passage 344. The tubidar sleeve 342 is adapted to mate within 
tiie release housing 300. A sliding sleeve valve 346 is slidingly disposed within the longitudinal 
passage 344. 

[0047] The sliding sleeve valve 346 is generally tubular in shape defining an longitudmal passage 
348. At a top end of ihe sliding sleeve valve 346, there is an outwardly protruding flange or rim 350 
whidi circumferentially extends around the top end of sliding sleeve valve 346. Below fiie rim 350, 
there is a flexfl^le or top section defining a collet 346a. Below die collet 346a, there is a lower secti<m 
346b of die sliding sleeve valve 346. Tbe wall diickness of die collet 346a is narrow relative to die 
lower section 346b. There are also a predetermined nunib^ of longitudinal slots (not shown) 
extending from the top of die rim 350 through the collet 346a. Preferably diese longitudinal slots are 
equally spaced around the periphery of die collet 346a. The combination of the longitudinal slots and 
the narrowed waU thickness of die coflet 346a allow the diameter of the rim 350 to decrease when the 
rim 350 is not radially supported by a supporting mechanism. Thus, the rim 350 can be considered 
"flexible" in that it can contract j&om a first radial position of a particular diameter to a second radial 
position of a lesser diameter, hi the running configuration illustrated in Fig. 2f, the rim 350 is 
positioned in an interior recess 352 defined in the sleeve 342. The neck 316 of the cementing probe 
308 radially supports rim 350, pi^enting the rim 350 fi'om slipping out of Ibe recess 352 and thus 
loQgitudinally TTiflti^taing the sliding sleeve valve 346 within die sleeve 342. A side port 354 may be 
defined widnn die side wall of the lower section 346b. 

[0048] In several exeirqplaxy embodim^ts, there is a annular seat 355 positioned within die 
longitudinal passage 344 of die float shoe 340. Ihe annular seat 355 is ad^ted to sealingly couple to 
a plug. The plug may be any conventional plug, such as drill pipe dait or phenolic ball that would 
provide a hydraulic seal upon readiing the annular scat 355. The sleeve 342 of the float shoe 340 
increases in diameter to accommodate a bypass passage 356. The bypass passage 356 defines a 
passage that connects die portion of die longitudinal passage 344 above the seat 356 to a portion of 
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the longitiidmal passage 344 below the seat 356, thmby creating a %ypass^ aiound the seat 356. In 
the nmning position illustrated in Figs. 2a-2e, an entrance port 356a of the bypass passage 356 is 
blocked by the sliding sleeve valve 346. 

[0049] Positioned below the annular seat 355 is a one-way valve 358, In several exen^>laiy 
embodiments, the one way valve 358 may be a float valve assembly which allows for a fluid to flow 
in a downward direction, but prevents fluid to flow in an upward direction. Hie one-way valve 358 
opens into an longitudinal passage 360. A sleeve, such as a dog locking sleeve 362 may be slidingly 
disposed within the longitudinal passage 360. A shear pin 364 maintains flie relative position of the 
dog locking sleeve relative to the float shoe 340 sudi &at a lower end 368 of flie dog locking sleeve is 
disposed below die float shoe 340. At the top end of the dog locking sleeve 362, there is an external 
flange 366 adapted such that an iq)ward movement by the external flange 366 "expandsi" or pushes 
out a plurality of dogs 370 brougih a plurality of radial side openings 372 defined in Ihe float shoe 
340. In several alternative embodiments, the dogs 370 or expansion medianism 150 within the float 
shoe 340 may be replaced by a shoulder on the* float shoe for engaging the cad of ttie radially 
eT^anded tubular member. 

[0050] In an exemplary embodiment, during operation of flie apparatus 200, as illustrated in Figs. 2a- 
2e, the apparatus may be initially positioned in the wellbore 100, partially within the casing 1 10, with 
the expansion cone 140, the cementing probe 144, and the float shoe 340 positioned outside the 
casing. In this manner, fluidic materials widiin die interior of the apparatus 200 may pass through the 
longitudinal passages 203, 250a, 261, 283, 293, 302, 310, 344, 348, and 360 out of die apparatus 
diroug^ the float valve 358, into die annuhis between die apparatus 200 and die casing 1 10 dieieby 
preventing over pressurization of the annutus. 

[0051] Referring now to Figs. 3a-3e, diere is illustrated the sq>paratus 200 positioned at the bottom of 
the wellbore 100. When the ^^paratus 200 contacts with die bottom of the wellbOTe 100, the dog 
loddng sleeve 368 is driven up into the float shoe 340, shearing the shear pin 360. The upward 
movement of the locking sleeve 368 forces the dogs 370 througji the side openings 372, where a 
locking mechanism prevents dieir retraction. 

[0052] In an alternative embodiment of the expansion cone, the force of impact with the bottom of 
the well shears the retaining mechanism, forcing the lower expansion cone retainer 292 towards the 
upper expansion cone retainer 290. Hie intedeaved cone segments pivot outward in a lateral direction 
on top of one another. As the cone segments pivot outward, the diameter of die expansion cone 140 
increases. A locking mechanism then locks the upper cone segments in place. Thus, die expansion 
cone may e^qpand to a diameter that is greato* than die interior diameter of die casing 110. 
[0053] Referring now to Figs. 4a-4f, there is illustrated the ^aiatus 200 wiien a phig, such as a ball 
374 is dien injected into die apparatus widi die fluidic material diroug^ die passages 203, 250a, 261, 
283, 293, 302, 310, 344 and 348 until die dart is positioned and seated on die annular seat 355 in die 
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float shoe 340. As a result of the positioning of the ball 374 ia the passage 344 of the float shoe 340, 
the passage 344 of the float shoe is hereby closed. 

[0054] The fluidic material is then injected into the apparatus thereby increasing the operating 
pressure within the passages 203, 250a, 261, 283, 293, 302, 310, 344 and 348. Furthermore, the 
continued injection of ttie fluidic material into the apparatus 200 causes the fluidic material to pass 
through the radial passages 220a and 220b, into the annular pressure chamber 222 of the gripping 
device 132. AVhen the pressure of the central passage 203 is large enou^ to overcome the biasing of 
the springs 208a and 208b, the pressure chamber 222 expands by driving the upper flange 207 away 
fiom the external flange 224. Tlius, tibe upper flaoge 207a acts like a piston pushing ftie retaining 
sleeve 206 in an iq>perwaidly direction with respect to the central mandrel 202. When die retaining 
sleeve moves up» the steel balls 2l8a-218d are forced up into thinner regions of flie retaining 
chambers 216a-216d A portion of the steels balls 218a>218d, therefore, projects radially through the 
circular openings 214a-214d. As &e steel balls 218a-218d project tiuough the circular openings 
2l4a-214d, tfiey engage the interior surface of flie casing 1 10. 

[0055] The fluidic material is tiien injected into the apparatus thereby increasing the operating 
pressure within the passages 203, 250a, 261, 283, 293, 302, 310, 344 and 348. Furtfiermore, the 
continued injection of the fluidic material into the apparatus 200 also causes the fluidic material to 
pass through the radial tubes 270a duoug^ 2701^ of die piston tube 260 into an annular pressure 
chambers 268, 268a, and 268b, respectively. 

[0056] Hie pressurization of the annular pressure chambers, 268a, 268b, and 268c then cause die 
piston flanges 262a, 262b, 262c to be displaced upwardly relative to the casing 100. As a result, the 
upper packer cup assembly 280, the lower padcer cup assembly 286, e;q7ansion cone 140, die release 
housing 300, the cementing probe 308, and the float shoe 340 are displaced upwardly relative to the 
casing 110. 

[0057] The continued injection of the fluidic material into the ^aratus 200 continues to pressurize 
annular pressure chambers, 268a, 268b, and 268c. The fiirther upward displacement of the piston 
flanges 262a, 262b, 262c in turn displaces ttie expansion cone 140 upwardly relative to the casing 
110. As a result, the mansion cone 140 radially expands and plastically deforms a portion of the 
casing 110. 

[0058] Referring to Figs. 5a-5^ during the continued injection of the fhiidic matmal, die expansion 
cone 140 will continue to be displaced iqiwardly relative to the casing 110 thereby continuing to 
radially expand and plastically deform the casing until die locking dogs 370a-370b engage the lower 
end of the casing 1 10. The continued upward movement of die ejqiansion cone 140, cement probe 
308, and release housing 300 causes the release housing 300 to move longitudinally upward - out of 
the sleeve 306 of the float shoe 340. The external flange 305 of the release housing 300 causes die 
sleeve 306 to radially expand against the casing 1 10. In some embodiments, this radial expansion of 
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the sleeve 305 also causes an expansion and plastic defonnadon of a portion of the casing 110 y/idch 
may also hydraulically seal the sleeve 306 to the casing 110. Optionally, a elastomeric sealing 
material may be applied to the exterior of the sleeve 306 to o'eate a seal between the sleeve 306 and 
the casing 110. 

[0059] Referring to Figs. 6a to 6e, The continued upward movement of the expansion cone 140, 
cement probe 308, and release housing 300 causes &e probe shear pin 318 to shear. The force on the 
cement probe 308 piiUs the probe downward until the external flange 3 12 impacts the seat 314 defined 
with ttie passage 302 preventing forther movement of the cemeat probe. A probe lock ting 313 
disposed on the exterior surface of the concrete probe contacts a downward facing seat 315, thereby 
"locking" the concrete probe in place. The continued upward movement of the cement probe 308 
causes the cement probe 308 to sqparate from the float shoe 340. At tiie top of the stroke of 4ie 
tension actuator 134, the casing lock 130 may be released After separation, the q>paratus 200 is free 
to continue to advance up causing the casing 110 to expand as necessary. Because there is an 
hydraulic seal between die sleeve 306 and the casing 110, the region between the float shoe 340 and 
die packer cup assemblies 280 and 286 may be pressurized. This pressurized region forces the 
expansion cone 140 iq)waidly, tiiereby causing a continued radial expansion and plastic deformation 
of the expandable casing 1 10. In this manner, the fluid pressure below die packer cup assemblies 280 
and 286 pulls die expansion cone 140 iqiwardly throu£^ the ejq^andable casing 110. Thus, the use of 
die tension actuator 134 to pull die expansion cone upwards is no longer necessary. 
[0060] At some point (e.g., at die top of the liner), it may become desirable to stop expanding and to 
inject a hardenable fluidic sealing material such as, for example, cement into die well annulus. 
Referring to Figs. 7a to 7f, to begin the cementing operation, the apparatus 200 may be lowered into 
the wellbore 100 until the neck 316 of the cementing probe 308 in^acts the collet 346a forcing die 
rim 350 of the collet from die recess 352, which allows the sliding sleeve valve 346 to move 
downward until die sliding sleeve valve impacts an upward &cing seat 345 in the passage 344. In this 
position, the sideport 354 is aligned with die opening of die bypass flowpath 356 to permit fluidic 
materials to bypass around the ball in die passage 344. As a result, the bypass flow padi 356 allows 
for cement or other fluidic materials to flow around the baU. 

[0061] Thus, die cement may flow through the dirough die bypass flow padi 356, and out throu^ the 
one-way valve 358 into the axmuhis between the radially expanded tubular member and ttie weUbote. 
After die cement has been injected into die atmulus, die one way valve may prevent the cemoit from 
flowing backwards into the flowpath 356. 

[0062] After completing the injection of the cement into the annuhis, the drilling pipe may then 
pulled upwardly out of the wellbore. Ihe radial expansion and plastic deformation of die expandable 
tubular member may then be continued by the resumed injection of fluidic material into the apparatus. 
After the cement has cured, the float shoe 340 may be drilled out and anodier expandable tubular 



14 



wo 03/093623 



PCTAJS03/I4153 



member may then be radially e^qpanded and plastically defonned widiin the wellbore with flie iqsper 
end of tiie other tubular meniber overlapping with the lower end of the earlier expanded tubular 
member. In this manner, a mono diameter wellbore casing may be formed fliat includes a plurality of 
radially expanded tubular members. 

[0063] In several alternative embodiments, a packer may be used instead of the float shoe 340 to 
couple the end of the casing to the apparatus. Refening to Figs. 8a to 8e, an alternative embodiment, 
an apparatus SOO for fonning a mono diameter wellbore casing 502 provides a one step monobore 
wellbore casing radial eT^ansion system. The one step monobore system can also be used as a cased 
or open hole radial expansion systra, or an opm hole cladding system ^ere an expandable casing is 
clad against a formation in open hole. 

[0064] In an exenq)laiy embodiment, die apparatus 500 includes an expansion assembly 504 and a 
packer 506. The expansion assembly 504 includes, among gQxct dungs, a safety sub 508, a gripping 
device 510, a casing lock device 512, a force multiplier or tension actuator 514, an expansion cone 
516, a packer setting sleeve 518, an internal sleeve 520 and a stinger 522. 

[0065] In an exraiq^lary embodiment, the safety sub 508 allows a quick connection and disconnection 
of the drill string to and fiom the expansion system. 

[0066] In several exenqplary embodiments, the gripping device 510 may be any device capable of 
engaging the inside sur&ce of die tubular member or casing 502 in a conventional manner and/or 
using one or more of the mediods and zppsacsAxis disclosed in one or more of the following: (1) PCT 
plication no. serial no. PCTAJSQ2/36267, attorney docket no. 25791.88, fded on 11/12/2002, (2) 
U.S. provisional patent application serial no. 60/338,996, attorney docket no. 25791.87, filed on 
11/12/2001, (3) U,S. provisional patent application serial no. 60/363,829, attorney docket no. 
25791.95, filed on 3/13/2002, and (4) U.S. provisional patent qjpUcation serial no. 60/339,013, 
attorney number attomey docket no. 25791.88, filed on 11/12/2001, die disclosures of which are 
incorporated herein by reference. In die embodiment as illustrated in Figs. 8a-8f, the gripping device 
510 comprises hydraulic slips 510a -510c are isolated firom internal pressure by a n5)ture disc 524. In 
an exenqilaiy embodiment, a packer cup 526 acts as a diedc valve to allow external pressure to 
equalize behind the hydraulic slips 510a -510c when in a running configuration, but holds internal 
pressure when ttie nq>ture disc is n^tured. hi an exemplary embodiment, the hydraulic slips 510a- 
510c are actuated by rupturing the rupture disc 524 with internal pressure. In an exenqplary 
embodiment, die internal pressure dien acts on the hydraulic slips 510a*510c, moving diem out 
agamst the internal diameter of die expandable casing 502. Hie hydraulic slips S10a-510c thereby 
provide an anchor for the tension actuator to pull die expansion cone 504 against and expand the 
expandable casing. When die internal pressure is released, die hydraulic slips 510a-510c retract away 
&om the internal diameter of the expandable casing 502. 
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[0067] In an exemplary embodiment, a casing lock 512 holds the weight of the e?q)andable casing 
string as it is nm in the well. In several ^emplaiy embodiments, the casing lock 512 may be any 
device capable of coupling the apparatus to tiie casing while the ^q^paratus is being positioned within 
the welibore in a conventional manner and/or using one or more of the methods and apparatus 
disclosed in one or more of the following: (1) PCX application no. serial no. PCTAJS02/36267, 
attorney docket no. 25791.88, filed on 11/12/2002, (2) U.S. provisional patent application serial no. 
60/338,996, aUomey docket no. 25791.87, filed on 1 1/12/2001, (3) U.S. provisional patent appUcation 
serial no. 60/363,829, attorney docket no. 25791.95, filed on 3/13/2002, and (4) U.S. provisional 
patent plication serial no. 60/339,013, attorney number attorney dodcet no. 25791.88, filed on 
1 1/12/2001, the disclosures of which are incorporated herein by reference. 

[0068] In the iUustrative embodiment, casing lock dogs 530 fit in iq)sets formed in the internal 
diameter of the ea^>andable casmg and are held in place with a retaining sleeve 532. When the 
retaining sleeve 532 is shifted by the tension actuator 514, the dogs 530 retract and the expansion 504 
is released torn the e^andable casing 502. 

[0069] In several exemplary embodiments, the tension acmator 514 may be any device capable of 
pulling the expansion cone 140 into the casing 110 in a conventional manner and/or using one or more 
of the metiiods and apparatus disclosed in one or more of the following: (1) PCX application no. serial 
no. PCT/US02/36267, attorney docket no. 25791.88, filed on 11A2/20Q2, (2) U.S. provisional patent 
application serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/2001, (3) U.S. 
provisional patent application serial no. 60/363,829, attorney docket no. 25791.95, filed on 3/13/2002, 
and (4) U.S. provisional patent plication serial no. 60/339,013, attorney number attorney docket no. 
25791.88, filed on 11/12/2001, the disclosures of which are incorporated herein by refomce. Ihe 
tension actuator 514 may also be similar to the tension actuator 134 described above. 
[0070] In an exenQ>lary embodiment, the tension actuator 514 provides several stages of differential 
area for internal pressure to act upon and thereby provide an upward force to the expansion cone 504 
to thereby expand the expandable casing 502. Tbe tension actuator 514 may be used to initiaUy 
expand the expandable casing 502 and to pull the packer 506 into the radially expanded casing 502. 
Hie t^on actuator 5 14 may be used at any time during radial expansion process when the hydraulic 
slqps 510a-510b are actuated to provide additional upward force to the e}q)ansi(m cone. In an 
exeaq>laiy embodiment, fiie tension actuator 5 14 may be used to assist in the radial expansion process 
v/hen the portion of the e?q)andable casing that overkps widi another casing is radially expanded and 
plastically deformed. 

[0071] In several exen^laiy embodiments, the expansion cone 504 be any device capable of 
expanding the casing or tubing member 110 within the welibore 105 in a conventional manner and/or 
using one or more of the methods and apparatus disclosed in one or more of the following: (1) PCX 
application no. serial no. PCX/US02/36267, attorney docket no. 25791.88, filed on 11/12/2002, (2) 
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U.S. provisional pateat qjpUcation serial no. 60/338,996, attorney docket no. 25791.87, filed on 
11/12/2001, (3) U.S. provisional patent application serial no. 60/363,829, attorney docket no. 
25791.95, filed on 3/13/2002, and (4) U.S. provisional patent application serial no. 60/339,013, 
attorney number attorney docket no. 25791.88, filed on 11/12/2001, the disclosures of which are 
incorporated herein by reference.. Thus, the expansion cone 516 may be an adjustable expandable 
e^qiansion cone, or it may be expandable or non-expandable for use in cased or open hole expansion 
systems or open hole clad systems.. 

[0072] In an txemplsry embodiment, an internal sleeve 534 blocks ports 536 which lead from fl&e 
internal passage 528 to Ifae packer setting sleeve 538. In an exemplary embodiment, the internal 
sleeve 534 may be moved away fi-om die ports 536 by the tension actuator 514 at the end of the 
tension actuator stroke to aDow internal pressure to act on the packer setting sleeve 538 and hereby 
set the packer 506 in the expanded casing 502. Ihus, in an exemplary embodiment, die packer setting 
sleeve 538 is moved downwardly against the packer 506 to set the packer by internal pressure. 
[0073] In an exen^laiy embodiment, the packer 506 may be a fas dril packer which is a composite 
drillable packer that is set in the expanded casing and contains tibe expansion pressure. The fas dril 
packer includes an internal pressure balanced shding sleeve valve 540 which is used to open and close 
fluid ports 542 Hie sleeve valve 540 has two external seals which seal against the internal diameter 
of die &s dril packer and isolate fluid ports in die fas dril packer when die sleeve valve is in die up 
position. When die sleeve valve is moved downwardly, ports 544 in die sleeve valve 540 align widi 
parts 542 in die fas dril packer and allow fluid to be displaced into a bypass passage 546 in die fiis dril 
padcer. Collets at die top of die sleeve valve fit in an internal groove provided in die internal diameter 
of the fas dril packer wiien die sleeve valve is in die up position and allow die end of die stinger to 
pass and shoulder against the sleeve valve. When a stinger 548 pushes the sleeve valve 540 
downwardly to open die ports 542, die collets are pulled out of die groove and retract inward into an 
external undercut on the bottom of the stinger 548. 

[0074] When die stinger 548 is moved up to close die ports 542, a lower shoulder on the external 
undercut contacts die inward retracted collets and puUs die sliding sleeve valve 540 upwardly until the 
collets expand out into die internal groove. The sleeve valve 540 is qpeiated widi a stinger 548 
attached to the expansion assCTbly 504. Below Ifae sleeve valve 540 are two ball seats 550a and 550b 
widi a rupture disc 552 in between. The bypass passage 546 connects die ports 542 covered by die 
sleeve valve, die rupture disc ports 554, and ports 556 positioned below the bottom baD seat 
[0075] A chedc valve 558 may be disposed at die bottom of die fas dril packer. Odier types of 
commercially avaihtble drillable packers may also be used, such as, for example, die EZ Drill. 
Additionally, for open and cased hole cladding systems where cement is not gping to be used, 
retrievable packers can be used and retrieved after expansion instead of drilled. 
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[0076] In an exeiq)lary embodiment, the stmger 548 may be attached to the expansion assembly 504 
and includes an external seal 560 which seals against the inside diameter of the fas dhl packer. At flie 
bottom end of ^e stinger is an external undercut which is used to close the sHding sleeve valve. 
[0077] 'Riming now to Figs. 9a-9e, which illustrates some aspects of the operation of the ^paratus 
500. In Fig. 9a, the ejqsansion assembly 504 is run through the casing 502 until the packer 506 is in 
open hole beyond the casing. 

[0078] A first plug, which may be a ball or a dart, may be dropped to the plug seat 550a in the packer 
central passage 528. Continued punning of fluids causes the internal pressure to be increased. As 
desmbed above witti refer^ice to figs, la to 7f, the pressure actuates the tension actuator 514 which 
pulls the expansion cone 5 16 up against the bottom of ttie casing 5 10. 

[0079] The e3q>ansion cone 516 e3q)ands in size and then expands the e^qsandable casing 502, pulling 

the packer 506 upwardly along witii it Near tfie end of tiie tension actuator stroke, the packer 506 is 

positioned in the expanded casing and the lower end of die tension actuator shoulders against the 

internal sleeve 520, shifting it downward. As a result, the ports 536 open allowing fluidic 

communication from the central passage 528 to the packer setting sleeve 538. The internal pressure 

then causes the setting sleeve 538 to down, which pushes against and sets the packer 506. 

[0080] The tension actuator 514 then pulls against a connecting mechanism, such as a pluraUty of 

shear pins, connecting the packer 506 to fhc expansion assembly 504 until they shear. 

[0081] At ibc end of tiie tensioa actuator stroke, an upper end 562 of the tension actuator 514 

shoulders against tiie dog retaining sleeve 532 and moves it upward, rdeasing the dogs 530 and 

unlocking the e}q)ansion assembly 504 fix>m the casing 502. 

[0082] Continued injection of the fluidic material into the sppmtaa 500 causes an increase in flie 
internal pressure in the central passage 528. The increase pressure ruptures tiie rupture disc 554, 
which allows the fluid to flow into die bypass passage 546. The casing 502 can now be run to he 
bottom of the welL 

[0083] Once the casing has reached 1bc bottom of the well, a second plug may be dropped. Ihe 
second plug sized to sealingly fit the second plug seat 550b. The second plug stops circulation 
dirough die bypass passage 546. Continued injection of fluid increases the intmal pressure in die 
central passage 528 so fliat (he casing expansion can be partially or completely continued, or the 
expansion assembly can be set down to open the sliding sleeve valve to circulate mud or displace 
cement Picking back up on the e9q)ansion assembly 504 will close the sliding sleeve valve. At any 
point during expansion, die eiqpansion assembly 504 can be set down on die packer 506 to open die 
sliding sleeve valve 540 to continue circulation. 

[0084] Once die e:q)ansion assembly 504 reaches an overlap section of the expandable casing 502, 
the expansion pressure increases until the upper rupture disc 524 ruptures. The hydraulic shps 510a- 
510c dien move out against the internal diameter of die expandable casing 502, providing an anidior 
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for the tension actuator to pull the expansion cone against. When the tension actuator 514 readies die 
end of its stroke, the internal pressure is released, the hydraulic slips 510a-510c retract, and the 
t^ision actuator 514 is extended for another stroke. In an exemplary embodiment, the hydraulic slips 
5IOa-510c may be designed to not only contact the unexpanded casing, but will also extend out £ar 
enough the contact the previously e^anded casing string at the final expansion stroke. 
[0085] After the expansion assembly 504 is pulled out of the well, die packer 506 may be drilled out 
and another section of hole may be drilled. An idoitical expansion system is then nm and expanded 
to the same ID as the previous string. 

[0086] It is understood fliat variations may be made in the foregoing without departmg &om the 
scope of die invention. For exanq)le» die teachings of die present illustrative embodiments may be 
used to provide a weUbore casing, a pipeline, or a structural support Furthermore, die elements and 
teachings of the various illustrative embodiments may be combined in whole or in part in some or all 
of the illustrative embodiments. 

[0087] It is understood that variations may be made in the foregoing widiout departing from the 
scope of the invention. For exan^le, die teachings of the present illustrative embodiments may be 
used to provide a wellbore casing, a pipeline, or a structural support Furdiomore, the elements and 
teachings of the various fllustrative embodiments may be conibined in whole or in part in some or all 
of the illustrative embodiments. 

[0088] Aldiougli illustrative embodiments of die invention have been shown and described, a wide 
range of modification, changes and substitution is conterrq3lated in die foregoing disclosure. In some 
instances, some features of the present invention may be employed without a correspondiiig use of the 
odier features. Accordin^y, it is appropriate diat die appended claims be construed broadly and in a 
manna consistent widi the scope of die invention. 
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What is claimed is: 
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1 . An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

an andioring medianism adapted to mate with an end of tiie expandable tubular member; 

a tubular mraber releasibly coiqiled to tiie anchoring mechanism, 

an adjustable expansion mandrel coupled to die tubular member adapted to be controllably 
expanded to a larger outside dimension for radial otpansion of ^e eixpandable tubular member or 
coIkq)sed to a smaller outside dimension; 

an actuator coupled to the adjustable e?q)ansion mandrel ad^ted to controllably 
longitudinally displace the adjustable expansion mandiel relative to the e>q3andable tubular member; 
and 

a gripping device coupled to die locking adapted to controllably engage die expandable 
tubular member. 

2. The ^paratus of claim 1 further comprising a locking device coiq>led to the actuator adapted 
to controllably engage die expandable tubular member. 

3. The s^Tparatus of claim 1 further comprising a sealing device for sealingly engaging die 
expandable tubular member adapted to defuie a pressure chamber above die adjustable ej^ansion 
mandrel during radial expansion of the expandable tubular member. 

4. The apparatus of claim 1 wherein the fftpping device conq>rises: 

a tubular mandrel having a phualily of tiered grooves defined on an exterior sui&ce of die 
tubular mandrel, 

a retaining sleeve coupled to die tubular mandrel and adapted to slidingly move longitudinally 
with respect to the tubular mandrel, the retaining sleeve having a plurality of openings* 
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a plurality of gripping elements positioned within the tq)ered grooves, wherein when the 
retaining sleeve is in a first longitudinal configuration, portions of the gripping elements protrude 
through flie plurality of openings, and when the retaining sleeve is in a second longitudinal 
configuration, portions of the the grqjping elements do not protrude thiougji plurality of tapered 
openings. 

5. Ihe ^paratus of claim 1 wherein the anchoring device is a float shoe, conprising: 

an e^andable sleeve adapted to mate with the tubular member, wherein the tubular member 
is ad^ted to controllably expand the expandable sleeve to a larger oulside dimension for radial 
esqpansion of die expandable sleeve to flie ei^andable tubular member. 

6. The apparatus of claim 5 wherein the anchoring device conq)rises: 
a first passage, 

a second passage, 

a seat within the first passage adapted to receive a plug, 

a sliding valve disposed within the first passage, ad£q)ted to direct flow firom tiie first passa^ 
to the second passage, and 

a one-way valve coupled to the first and second passages. 

7. The apparatus of claim 1 therein the anchoring mechanism is a packer. 

8. The apparatus of claun I wherein the packer is hydraulically actuated. 

9. The ^aratus of claim 1 wherein die packer comprises: 
a first passage, 

a second passage, 

a first seat within the first passage adapted to receive a plug, and 
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a sliding valve disposed wifhin die first passage, adq>ted to direct flow from the first passage 
to the second passage. 



10. A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole, con^rising: 

positioning an adjustable e?q)ansion mandrely an anchoring device, and a coupling mechanism 
below the e^qiandable tubular member sudi ttiat the anchoring device contacts a bottom of the 
borehole, 

increasing the outside dimension of die adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member to radially expand and plastically deform portions of the expandable tubular member, 

displacing the anchoring device upwardly relative to the expandable tubular member such that 
die anchoring device contacts the bottom of die expandable tubular member, 

coupling the anchoring device to die bottom of die casing, 

uncoupling die expansion mandrel from the anchoring device, and 

displacing the adjuistable expansion mandrel upwardly relative to die expandable tubular 
member n times to radially expand and plastically deform n portions of the ^andable tubular 
member, 

1 1 . The method of claim 10, further conqmsing: 

lowering the adjustable expansion mandrel to couple (he e3q)ansion mandrel to the anchoring 
device, and 

cementing the borehole, wherein the cementing flows through a flow path located in the 
anchoring device. 

12. Hie method of claim 10 further comprising expanding an eT^ansion device coupled to the 
andioring device such diat the anchoring device couples to die casing. 
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OILFIELD CATALOG 
JET-LOK PRODUCT 
APPLICATION DESCRIPTIONS 



Thrcadiockers | Anaerobics | Retaining Compounds 
Gasket Makers | Sealants | Cleaners/Primers 
Cyanoacryiates j Epoxies 



THREADLOCKERS 



TL-22 



REMOVABLE SCREWLOCK - Vibration proofing, low removal 
torque compound for small fasteners Oess than 1/4") requiring future 
adjustment or removal. 



TL-42 



REMOVABLE NUTLOCK - Medium strength general purpose 
threadlocker, which after curing is removable with hand tools. Typical 
uses include coupling drive bolts, motor mounting bolts, construction 
equipment nuts, and conveyor roller nuts. 

TL-42 Product Specs & MSDS 



Avai lable as Adobe Acrobat file. 



TL-71 



PERMANENT STUDLOCK - Chemically resistant, permanent 
threadlocker/sealant. For use on bolts and studsup to 1" in diameter 
Resists fuels, lubricants, and most industrial liquids and gases helping to 
prevent leakage and corrosion. 

TL-71 Product Specs & MSDS 
Available as Adobe Acrobat file. 



TL.72 



HIGH TEMPERATURE STUDLOCK - Permanent threadlocker/sealant 
resistant to temperatures up to 450 degrees F (230 degrees C). Gap 
filling formulation for larger diameter, coarse threaded parts. For use on 
furnace mounting bolts, steel mill conveyor bolts, kiln and oven bolts. 



TL-77 



HEAVY DUTY PERMANENT THREADLOCKER - High strength, 
high viscosity, permanent threadlocker/sealant for fasteners over 

' (25mm) in diameter Ideal for large coarse threaded studs, large gap 
or sloppy fitting parts. 



TL-90 



WICKING ADHESIVE & SEALANT - Low viscosity, penetrating 
adhesive/sealant. This low viscosity compound can penetrate the 
smallest voids in assembled components. Once cured in place, a positive 
lock is formed helping to prevent leakage. 
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TL-90 Product Specs & MSDS 




Available as Adobe Acrobat file. 
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ANAEROBICS 



RT- 
99 



NOTLTI-PURPOSE ANAEROBIC - Truly multi-functional, high viscosity 
anaerobic gel that locks, seals and retains. Gel can be applied overhead as 
it will not drip, run or sag. Also beneficial where gap filling is required, 
such as coarse threads, worn parts, etc. 

To Top 



RETAINING COMPOUNDS 



RT. 
09 


fflGH STRENGTH RETAINER - High strength, low viscosity, retainer 
designed for tight tolerances. Used for bonding rigid assemblies of all 
types. Can be used effectively to increase the strength of most mechanical 

assemblies. 


RT- 
20 


HIGH TEMPERATURE RETAINER - High strength, high temp, retaining 
compound for use on all types of bearings, shafts and parts not requiring 
future disassembly., The high viscosity nature of this product makes it 
excellent for worn or sloppy fitting parts. 


RT- 
60 


METAL REPAIR - Metallic colored paste is a quick repair for worn 
machinery parts. The compound can fill large gaps (up to 00.027.5mm) 
without running or migrating. 


RT- 
80 


MAXIMUM STRENGTH RETAINER- High viscosity, single component 
anaerobic resin designed for bonding rigid assemblies of all types. 
Excellent for locking bearings, keys, and splines, preventing spin and 
backlash. 

RT-80 Product Specs & MSDS 


Available as Adobe Acrobat file. 
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GASKET MAKERS 



GM- 
10 


fflGH TEMP GASKET MAKmi - High temp, fast set, form in place 
gasket maker that resists relaxation and shrinkage. GM- 10 fills pits, 
gouges and irregularities in surfaces, eliminating the need for grinding 
or machining face surfaces. 


GM- 
15 


FLEXIBLE GASKET MAKER • General purpose flexible gasket. 
Flexible cured state allows for excellent resistance to vibration, making 
this the ideal material for crank cases, gearbox covers, pump couplings, 
thermostats, fuel and water pump gaskets. 
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SEALANTS 



HP- 
45 


HIGH PRESSURE SEALANT - Fast curing anaerobic sealant for 
hydraulic and pneumatic fittings up to 2" in diameter. Resists water, most 
solvents, vibration loosening and pressures to 10,000 psi. 

HP-45 Product Specs & MSDS 


Available as Adobe Acrobat file. 

a 


HP- 
69 


HIGH PRESSURE SEALANT - Low viscosity sealant designed for fine 
threaded fittings. Use to augment the seal achieved with tapered fittings or 
replace their use with less expensive straight fittings. Seals to 10,000 psi. 


HP- 
67 


INSTANT PIPE SEALANT - High viscosity, fast curing paste. Provides 
immediate resistance to pressure up to 100 psi and 10,000 psi when fully 
cured. Use on pressure vessels, air compressors, hydraulic systems, tanks, 

etc. 


HP- 
92 


HIGH TEMP PIPE SEALANT - High viscosity, slow curing sealant 
containing PTFE. The solids contained in this sealant allow up to 150 psi 
immediate pressurization. The slow cure system allows for realignment of 
parts up to 24 hours from application. 



To Top 
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CLEANERS/PRIMERS 



AC- 
64 



PRIMER - Trichloroethane-free solvent used to prepare surfaces for 
anaerobic adhesives, as well as speed cure time for all anaerobic 
compounds. Also beneficial for use in cold climates and on inactive 
surfaces. 



To Top 



CYANOACRYLATES 



EC- 
100 



INSTANT SUPER GLUE - Medium viscosity, general purpose super 
glue. Suitable for a variety of bonding applications, but perfect for 
bonding rubber & plastics to themselves or various combinations. 
Recommended use: Small gaps or relatively smooth surfaces. 

EC- 100 Product Specs & MSDS 



Avai lable as Adobe Acrobat file. 



El 



EC- 
1500 



INSTANT SUPER GLUE - High viscosity cyanoacrylate for bonding 
porous/absorbent materials, or for applications where gap filling is 
required. Slightly slower cure time allows alignment of components 
before permanent setting. 



EC- 
GEL 



INSTANT SUPER GLUE - Thixotropic gel formulation for maximum 
gap filling. Can be applied to vertical and porous surfaces. Will not 
migrate, run, or slump out of bonding surfaces. Fills gaps up 
to .01" (.25mm). 

EC GEL Product Specs & MSDS 



Avai lable as Adobe Acrobat file. 
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EPOXIES 



QSS- 
3 



KWTK-FTX QUICK STEEL - Fast curing, metal filled, 2-part epoxy 
system formulated to provide permanent bonds and repairs. Highly 
resistant to heat, moisture, chemicals, vibration, and impact. Good for 
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metals, plastics, wood, glass, stone, ceramics and composites. 


RES- 
3 


KWnC-FIX RAPID EPOXY - General purpose, rapid curing epoxy. Fast 
cure formulation sets in 4-5 minutes and forms a permanent bond in 24 
hours. 


UES- 
3 


KWDC-FDC ULTRA EPOXY - Professional strength, 2-part epoxy 
system with 2-3 tons of holding power when fiiUy cured. Super strong 
formula is resistant to most chemicals and will form a permanent bond at 
room temperature. 
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